Many metal nanoparticles (NPs) are being studied for use in photothermal cancer therapy, a non-invasive technique where specific wavelengths of light can be used to excite the NPs, causing local heating that selectively kills cancer cells. These NPs can convert light to heat because of surface plasmon resonance, where electrons oscillate at the surface of the NPs resulting in specific absorbance or scattering. Plasmonic metal NPs have attracted enormous interest because their physical and chemical properties can be tuned by changing the size, shape, and composition of the nanostructures.
Figure 1. Transmission-electron-microscopy bright-field images of gold/silver nanocrystals synthesized with various gold/silver ratios: (a) 3, (b) 10, (c) 15, (d) 30, (e) 50 and (f)
one-reactor (one pot) process. The spiky, urchin-like NPs that we produce have excellent properties for transforming light into heat, making them effective for destroying cancer cells.
By changing the ratio of gold/silver precursors, we can tune the structure of our NPs (see Figure 1 ). According to Liu et al., halide and silver ions are important to the formation and growth of gold nanostructures. 4 The gold/silver ratio governed the morphology of our NPs due to catalytic effect of the silver atoms (see Figure 2 ). Gold grew from these active sites on the surface of the gold NPs, generating urchin-like gold/silver bimetallic NPs. We found that a lower gold/silver ratio leads to higher amounts of shorter gold tips. For higher gold/silver ratios, NPs with fewer, longer tips (or irregular, quasi-sphericalshaped NPs) were formed. We were able to create spiky
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urchin-like gold/silver bimetallic NPs from solutions with high concentrations of silver ions.
After we chitosan capped the NPs, they were used for in vitro photothermal ablation of oral cancer SAS cells with a laser wavelength of 800nm, a relatively low power density (1.8 W/cm 2 ), and low concentration of NPs (0.01nM). We found that the SAS cells without NPs were not damaged after exposure under laser irradiation for 5min: see Figure 3 (a). In contrast, cells with added NPs experienced significant cell death after laser exposure for 1min: see Figure 3 (b) and (c).
Our results are corroborated by simulations (see Figure 4) , which reveal that the greatest enhancement of electrical field energy density and dissipative electric energy occurs near the tips of the needle-like structure, which leads to greater heat generation from the tips. These results suggest that our bimetallic urchin-like NPs have great photothermal ablation ability. We expect that when combined with our simple synthesis process, our tunable NPs will be beneficial in bio-applications.
Our gold/silver bimetallic urchin-like NPs can be created using a simple one pot process that is faster than previous methods. The structure of our NPs can be tuned by altering the ratio of gold/silver precursors. The highly efficient photothermal ablation, large resistive heat generation, and tunable near-IR absorption characteristics of these urchin-like NPs make them potential nanomaterials for further in vitro and in vivo cancer therapy, Raman scattering enhancement, and catalytic reactions. In the future, we would like to study the combination of these NPs with up-conversion NPs for use in photothermal therapy, using the up-conversion NPs to absorb IR light and emit visible light as an identification marker. 5 Continued on next page
